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Abstract: Objective In order to provide the basis for germplasm resources collecting, utilization and protection, and breeding of Mirabilis
himalaica, and to discuss the problem of subspecies classification, morphological study on different populations from China was conducted to
reveal its phenotype variation traits. Methods Using field survey sampling, a total of 18 traits of leaves and flowers in M. himalaica from 28 wild
populations were measured and analyzed. Results The variation coefficients of 18 traits changed between 12.06%—51.01%, with the pedicel
length having the highest value and the stamen number having the lowest value. Differences in all the traits among different populations and
provinces were highly significant. The principal component analysis indicated that seven traits including leaf length/leaf width, leaf shape, pedicel

length, leaf length, involucre lobe width, petiole length, viscidity of glandular hairs on pedicel and involucre were the main factors leading to the
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phenotype variation among populations. The correlation analysis showed that the correlations between multiple traits were significant in M.

himalaica. Longitude and altitude influenced more traits obviously. A total of 28 populations were divided into three groups through clustering

analysis, which had no relations with their locations distribution and geographic distances of each population. Conclusion The phenotype

variation of M. himalaica is abundant in leaves and flowers, sampling for its germplasm conservation should be as extensive as possible basing on

the variation pattern. We infer the traits used for subspecific classification and identification of M. himalaica are unreliable.

Key words: Mirabilis himalaica (Edgew.) Heimerl; different populations; phenotype variation; principal component analysis;
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Table 1 Population locations of M. himalaica
BIX KEH A A5 FEAZL ZEC ) SE(CC) BH/m
PR WZTT R SR 2 RIER DX 30 93.386 5 289514 3230
MZH AR ER LW R PG 30 93.388 5 289159 3341
WZH BN Z 2R 2R LD 21 93.0527 289383 3448
R T AR YL BB 3 A AP 25 933090  29.8986 3391
rpE T K B fE £l A DJ 24 90.950 3 295380 3640
hpEH B AR R JEAR 2 kAT NM 27 90.168 3 293973 3758
BRI TS BB A SR 2 54 DMC 25 98.4140  29.7112 3432
BT TR R M 2 B e DBC 25 98.266 1 295426 3678
E T )\ 15 B FRIEE R e A TNCI 17 97.301 2 30.1188 3631
BT )\ 15 B R IE B TNC2 15 97.265 8 30.0786 2894
B RE XL HA YRC 24 97.197 9 312029 3255
E T 72 oT B L E A AT ZYZ 25 98.0678 292705 3519
I T S H B IRS SDG 25 923654 292261 3578
L re T 4 ZDZ 25 91.7754 292372 3600
Wi EZ 2 LMS 25 92.5788  28.4263 3852
Ll re T 4L 5E B R AR SE MZL 24 913947 292223 3645
g RATSILM 7B AR 7 GQC 28 103.8480  31.6950 1577
RAT I 5 7R S 2 3 B MRK 25 102.198 8 319103 2601
RATHUIH 43 1| B4 5 2 R AR ALY JCX 25 102.0454 314147 2143
T LR BB B ML 23 101.2742 279392 2283
A B BT B A BT 25 99.018 5 298001 2490
H AR B b R RWX 25 1003510 285635 2950
HHN 2 W E el 2 Bpt XIAC 25 998166 289714 2875
Pg=| FRYLTE T &k T 2 P i i LGH 25 100.7488 277339 2750
T PR AEER B A TR BXD 25 98.8204 285171 2580
T PR AR B S A BZL 25 993030 282423 2045
SRAVLN = 5P B -8 S LP 17 99.1874 264856 1648
HR HeEMEH AR K S DLD 20 103.982 7 339851 1704
it 28 675
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*®3 EDREERFATRERFIRETR
Table 3 Phenotypic variation among different populations of M. himalaica

E# LS LUAW LLmm  LWmm  PLinm PC VPl PEL/mm ITL/mm [LWinm ILLAmm PTUmm CWFmm PLUmm PLWmm PLILmm PLIWmm SN ACV
DX 253+0.861.3520.1467.90% 11445154+ 12,63 26.16£6.81 243£0.861.27£0456.7726.633.01£0.791.630.302.4220.256.05 £ 1.0410.74+ 1.813.10£.0.544.56 £0.981.41£:0.371.90£0324.21 £0.5025.74
PG 1.7310.981.1820.1679.8615.3169.70+18.59 32.56£8.66 1.73£0981.60£0.503.4820.842.39£0.541.810.282.460.31495£0.6310.73 £ 1.302.87£0314.75£0.901.23£0.222.03£0.244.10£0.5322.37
LD 3.00£0.001.4610.12 55.26£7.67 38.20£5.23 17.38+3.61 2.002:0.001.000.004.94£1.092.44£0.321.6410.282.32£0.314,65£04610.121.312.58£0.37440£0.521.00£.0.202.701 0.403.73 £0.5712.29
AP 1.00£0.001.3240.2165.19£14.7951.834 16,94 23.02+7.79 1.004:0.001.80+0.412.67£0.682.72£0.681.8940.352.820.324.91 £0.57 8.741095 2.13+0.363.81 £0.641.08£0.262.3310.444.15+:0.4017.61
DI 1.00£0.001.29£0.1273.11 £ 169461961 14.0236.45£10.061.041:0.201.96:+:0.203.43 £0.692. 44 £0.472.18:0.312.86:: 040448 £040 9.79£ 107 245+ 0464.15£0341.18£0.182.074:0.264.53£0.3414.55

1.00£

1.00£

NM 1.00£0.001.1040.1088.98 £ 11.6182.481 13.18 35.077.68 1.004:0.001.000.002.59£0402.22£0.371.954:0.252.51£0.19497£0.24 9.87£0.77 2.66:+0.284.16£0331.22£0.161.981:0.223.93 £ 045 9.96
DMC 2,124 1.0113120.12 54.89£9.35 42302636 1448£3.84 2.68£0481.00£0.004.7620.702.39£0.271.7410.292.66%0.294.94£ 04511361 1.632.8810464.61 £0.541.01£0.252.69£0424.27+0.4015.99
DBC 2.9240.401.3720.1260.22£10.11 44302717 14442476 2.80£0411.00£0.004.5920.55230£0311.770.242.7720335.01 £04712.00£0.962.872.0424.61 £0.641.0420.162.74£033444£04713.22
TNCI2.762:0.661.3020.13 46.24£3.84 36.382£3.92 1240£3.423.00£0.001.00£0.003.3420.422.19£0321.7740.312.43£.0.204.56 £0.4911.0810.802.640353.98:£0.410.9620.192.31£0.223.80£0.4612.02
TNC23.00£0.001.4240.10 57.98+5.59 41.23£3.77 14.81£2.58 1.002:0.001.00£0.004.71£0.712.2720.301.39£0.142.41£0.24495£04512.18 £ 1.662.98+0.504.66 £0.630.99£0.252.7240.324.40£04810.69
YRC 2.00£0.001.3820.10 45.61£:6.32 33.18£5.05 15.05+3.59 24620.511.00£0.005.16:£ 1.52243£0.321.5420.152.61£0.234.82£0.5010.73 £ 1.692.63 £ 0.414.00£0.52098£.0.222.50£:0.354.08 £ 04913.63
IYZ 3.00£0.001.3910.08 59.6417.69 43.14£5.82 15.91+4.59 2.6010.651.000.003.88:£0.602.33£0.311.7240.192.62£0.175.19£048 11814 1.283.25+ 1414.67£0471.09£0.252.7140.353.79£0.3813.98
SDG 1.00£0.001.31£0.13 62.55£9.24 48.23£7.24 21.85+5.66 1.00£0.002.0040.003.60£0982.29+0.261.67%0.232.62£0.294.5040.4210.03£0.832.52£0.304.0520.300.95£0.202.71 £:0.304.274.0.4511.59
IDZ 1.00£0.001.25£0.12 54.49£9.14 43.80£635 15.74£3.76 1.00£0.001.52£0.512.69£0.322.38£0.271.6740.172.35£0.203.99£0.30 7.89£0.75 2.07£0.243.40£0.320.8740.12230£0373.93 £ 0.4612.21
LMS 220£1.001.3520.1442.43£10.04 31.59£6.89 11.07£4.03 1.80£0.761.08£0.284.1120.872.21£0.261.55+0.202.5420.274.52£045 9.08 £ 131 2.3420.394.08 £0.400.9620.182.72£0.264.27+0.6919.87
MZL 1.00£0.001.330.1451.17£10.06 38.84£6.53 14.40+3.73 1.00£:0.001.00£0.003.11 £0.502.32£.0.311.584:0.262.40£0374.59£0.52 8.00£ 105 2.09£0.223.81 £045092£0.152.41£:0.374.18 £ 04112.36
GQC 2.79£0.631.612:0.1540.21£9.68 25.18£5.83 13.04+3.69 2.961:0.191.89+0.31435£0.822.34£0.371.5640.472.52£0.295.33£0.52 9.07£ 1.21 2.53£0.394.08£0.58 1.18£0.212.451:0.314.29£0.3616.56
MRK 3.00£0.001.5610.1636.45£10.08 36.85£7.15 18.464.672.0010.001.08::0.287.72£2.882.90£0.321.8240.302.81£0.305.77£04412.81 £ 2.043.03£0.515.71 £0991.39£0.283.3240.624.75£0.3815.49
JCX 3.00£0.001.57£0.21 41.73£6.21 27.29£496 15.013.28 3.0020.001.00£0.007.98:£2.952.6240.441.6240.202.58:£0.275.06:£0.6910.521.282.59 £ 0.544.41 £0.701.21£.0.212.561:0.384.63 £0.3413.72
ML 2.1720.391.4010.1364.08£10.03 4646 £8.51 21.0916.51 2.0020.001.9610.218.26£1.702.3020.301.51 40,292,741 1.014.78£0.5110.0310.772.4810.354.02£0370.9610.222.61 1:0.314.01 £ 04615.58
BT 2.0820.281.4420.15 50.4317.03 35.41£4.80 13.663.73 2.3620.761.0020.005.36 £ 1.192.672.0.301.7620.212.78:£0.185.75 104514141 1.164.041.0.695.47£0471.30£0.283.21:0.364.601.0.3213.56
RWX 11620.551.4120.14 53.6918.78 38.57£7.01 18.4614.552.5240.711.0020.005.20£1.032.7220.211.8940.362.71+0.284.89£04210.5010.862.89 10424 36 £0471.12£0.192.6210.254.55 £ 04215.52
XIAC2.00£0.001.4120.1755.48 £ 13.4540.11£:10.23 16.36£:6.44 2.1220.671.00£0.004.72£ 1.322.34£.0.341.4610.222.48£0.344 45 £041 11274 1.142.87+032442£0,611.02£0.232.7240.304.05£0.6016.48
LGH 3.00£0.001.56:0.11 62.56:8.20 40.42£598 17.083.29 2.0040.001.00£0.006.41 £ 1.212.73£0.641.7610.192.820.23499£043 9.46:£0.78 2.50£0.334.12£0341.07£0.152.58:0.224.04£04010.35
BXD 2.00£0.001.3510.1650.90£10.86 38.06£8.59 12.273.79 2.6840.481.000.005.40£ 1.172.34£0.301.6940.262.77+0435.28 £0.6312.524 1,663,161 0.444.96:£0.661.20£.0.203.12£.0.394.37+04214.51
BZL 24820.511.2910.1242.13£10.61 32.64£7.13 16441532 24420.711.0020.007.59£2.732.52£0.291.5610.252.481:0.284.88 £0.5610.691 1.362.8410.534.23£0.641.02£0.212.742:0.384.31£0.5117.63
LP 2.00£0.001.2610.14 48.4817.57 38.74£5.13 20.915.1722920.471.0020.005.65£2.112.1620.171.4240.152.39 030441 £0.72 9.33 £ 148 2.5910323.44£0.561.12£0.222.5240.284.26 £ 04214.17
DLD 3.00£0.001.581:0.1748.9517.20 31.15£3.38 19.00:4.00 3.0020.002.000.006.00£2.00245£0.311.3910.212.4410.235.38£0.58 8.4611.07 2.4610.393.63£0.561.29£0.162.1410.394.55+0.3312.25
BIE 211208 13710.1956.96:+ 15.4843.024 1549 18.9318.58 207+ 0.84126:+0.444.94+ 2,522,464 045169+ 031259 +0.37495+0.691046 £1.912.72:+0.63433+0.771.11 £0.262.54+0.494.23 £0.51
Fooo66I54" 19777 32967 49785"  30.045%  52756" 75.486" 174927 7425 10362 57247 18259 33044”16665 19275 10709 25.906" 8.189"
ACV FRERE IR RECPME: "R EFWMESE, P<0.01, TH.

“ACV” represents the average variation coefficient of each population. *“represents significance P < 0.01, same as below.

R4 TEEXEDIRNEERFAPRYTREHE

Table 4 Phenotypic variation of M. himalaica from different provinces

P LS LLLW LL/mm LW/mm PL/mm PC VPI PEL/mm ITL/mm ILW/mm
P 190097 131£0.16 61.28%1641 4845+17.06 20.68+10.03 1.7810.88 1281045 4001227 241+047 1731031
PN 2324072 1494018  51.39+1224 35394980 16471544 2441061 1281045 6171241 2551039 1.66+0.34
=% 2401049 1381018 5124+12.17 37361749  1630£523  236£055 1.00£0.00 632£206 2461045 1.63+0.25
Hiff 3001000 158017 4895720  31.15+338  19.00£4.00  3.00£0.00 2.00£0.00 6.00£2.00 245+£031 1.39£0.21
F 22.785" 57.623" 26.246" 45587 13.759" 45.740™ 342477 52.132" 4.426™ 10.122™
P ILL/mm PTL/mm CWF/mm PLL/mm PLW/mm PLIL/mm  PLIW/mm SN ACV/%

PR 2554032 4844069 1021176  2.631+0.61 4244068 1071026 2401044 4131052 29.47

PN 2661046 5151067 11174205  2.92+0.68 4641088  1.17£027 278+049 4.41+049 22.52

=H 2631036 4931064 1060185 2791049 4251076 1102020 2761040 4.24£045 17.87

Hiff  244£023 538+0.58  846%1.07 2461039 3631056 1294016 2.14+039 4554033 12.25

F 4.841" 11.337" 19.218" 10.421™ 18.225™ 10.140™ 41431™ 15.770™
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Table 5 Factor loadings, eigenvalue, contribution rate and cumulative contribution rate of the first 5 principal components

J F sy

PR 1 2 3 4 5
LS 0.716 -0.237 0.103 -0.405 0.189
LL/LW 0.724 -0.291 0.416 0.122 0.153
LL -0.527 0.744 -0.048 -0.192 0.056
LW -0.651 0.691 -0.132 -0.210 -0.016
PL -0.572 0.697 0.251 -0.174 -0.099
PC 0.689 -0.216 0.124 -0.278 0.202
VPI -0.392 0.107 0.609 0.238 —0.245
PEL 0.696 -0.030 0.351 -0.059 -0.034
ITL 0.431 0.470 0.449 0.105 0.302
ILW -0.264 0.721 -0.113 0.314 0.409
ILL 0.278 0.514 -0.006 0.658 0.248
PTL 0.684 0.508 0.276 -0.245 -0.009
CWF 0.678 0.422 -0.532 -0.072 -0.104
PLL 0.669 0.457 -0.400 -0.226 -0.169
PLW 0.674 0.571 -0.343 0.000 -0.057
PLIL 0.428 0.673 0.406 -0.256 -0.137
PLIW 0.694 -0.108 -0.449 0.430 -0.101
SN 0.502 0.280 0.305 0.445 —0.455
FHIEE 6.258 4234 2.087 1.535 0.772
TTHR /% 34.766 23.523 11.595 8.525 4.290
KRR E /% 34.766 58.290 69.885 78.410 82.699

Fz 6 MRz EFMEREHIREFHIME XM
Table 6 Correlation coefficients among traits and coefficients between traits and geographical factors

ik Y

LS LLAW LL LW PL PC VPI PEL ITL ILW ILL PTL CWF PLL PLW PLIL PLIW SN
LS 1.000
LLLLW 0427 1.000
LL  —0.340"-0.240" 1.000
LW —0.455"-0.578" 0.914" 1.000
PL  -0374"-0.399" 0.798" 0.837" 1.000
PC 0617 0366 0380 -0.459"~0.375" 1.000
VP  —0.292-0.069 0.181" 0.200 0.318"-0.297" 1.000
PEL  0.346™ 0.231%-0.141"-0.225"~0.106" 0.313" —0.110"* 1.000
ITL 0072 0.105™ 0060 0.000 0.057 0065 -0.045 0361 1.000
ILW  —0227-0.129" 0314 0.321" 0295 -0.149" 0.063 —0.063 0366 1.000
ILL  —0.057 0.097° 0.120" 0.061 0.056 0001 0.085° 0.132* 0.247 0.398"1.000
PTL  0.269" 0.195™ 0.062 -0.024 0028 0270 -0.059 0.363" 0397 0.1610.279" 1.000
CWF 02677 0.119™ 0.033 -0.038 -0.081" 0.293"-0.327" 0.188" 0.194" 0.165"0.255" 0.413* 1.000
PLL 0205 0.093" 0.030 —0.020 -0.036 0.257"-0.247" 0.159" 0217" 0.146™0.157" 0.408" 0.711** 1.000
PLW  0.244™ 0.163 0.075 -0.008 —0.014 0.183" —0.250" 0.174™ 0242" 0.214™0.255" 0.468" 0.790" 0.630"* 1.000
PLIL  0.117" 0.127" 0.127" 0.078" 0.158" 0.149" 0.000 0.089* 0.281" 0.276"0.160™ 0.416"™ 0.328" 0.410"0.410" 1.000
PLIW 0201 0.287*-0.224"-0326"-0.362" 0.172" -0.246" 0205 0.146™ 0.075 0277 0.260" 0.599** 0.4250.596" 0.210™* 1.000
SN 0057 01627 -0.081" =0.130"-0.047  0.124" 0.011  0.162* 0.090° 0.082" 0.149°* 0.181"* 0.199* 0.152*0.223* 0.205" 0.215" 1.000
HHR -0.404" -0.553™ 0455 0.502" 0206 -0.488"-0.138 —0.660—0.154 0.488°0.012 —0.333 -0.039 —0.167 0.002 —0.363 -0.221 —0.414°
2 0.6347 0.748" -0.521" -0.635"-0.470" 0.738™ -0.066 0.678" 0.190 —0.386" 0.228 0.405° 0300 0309 0224 0266 0436° 0.394"
40295 04917 -0216 -0266 -0.118 0258 0272 0.048 0.186 -0.066 0.012 0391" 0032 -0.010 0.126 0348 -0.051 0371

*P<<0.05 *P<0.01
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Fig. 1 Clustering dendrogram of morphological traits in

flowers and leaves of M. himalaica

BAEM R KR b, 42 F K (73.11~88.98 mm),
HUCH 1A (51.17~67.90 mm), 1B Hhi (4021~
50.90 mm).
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